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HATICAL ADVISORY OOMAITTEZ FOR ARROFAUTICS
MENORANDUM REPORT

THE EFFECT OF XYLIDINES OX THE OORROSIVEWNESS
OF AIRCRAFT-ENGINE OIL

-

By Emamiel Meyrowlitz and Welter T. Olason
SUMMARY

Tests were performed to determine the.effect of xyli-
dinhes of the corrosiveness of alrcraft~engine oll toward
engline bearings ag part of an inveatigntion on the sulta-
bility of xylidines as an antlkmock component in aviation
gasoline. The Shell thrust~bearing corrosion teat was per-—
formed with 65 copper-35 lead bearings using new oil bota
without and with ylidines and used 0ll from viston-ring
sticking engine runs both wlithout and with xylidines added
to the fuel and the oll.

The results of the Shell thrust~bearling corroelon teet
are summarized ar follows:

Semple Bearing 1loss at 20 hours (mg/cma)

225° F 3207 F

Nevy 1120 0.37 16.1

Navy 1120 +0.5-percert xyrlidines 1.7 1.0

liavy 1170 +1-ercent xylidinea 1.6 3.7

Navy 1120 + 3-percent xylidines 1 2.2

Yavy 1120, uned without xylidines 1.k 6.6
Havy 1120, used with xviidines in

fuel and oil .51 4.5

An examination of bearing sections pervendicular to the
bearing surface revealed that the corrosion with stralght
mineral oll was largely a loss of lcad and for the corrosion
with thie olls that contaln xylidinesthe covver in the bearing
was attacked as well. The effect of xylidines on the corro-
siveness of alrcraft-engine lubricating oll was negligible or,
1f anything, wes to render the oll leas corrosive toward
copper—lead bearings under the conditions of the Shell thruet-
bearing corrosion t=2st.




INTRODUCTION

Ag part of an investigation on tho asuitability of xyli-
dines as an antikmock comoonent in aviation gasoline, tests
were conducted to determine the offect of xylidines on tho
corrosiveness of alrcraft-engliro oll toward engine bearings.
Such tests were advieable because of the inevitability of
fuel contaminating the lubricant either unintentionally from
blow-by or intentlonally from the vractice of "fuel dumming"
during cold-weether operation. The Sholl thrust-bearirg
corrosion test was utilized. This teat emnloys a laboratory
mechine that simuletes the more lmnortant mechanical factors
leading to corrosion of boeringe and permits e rclative eval-
uation of olle in regard to boaring corrosion.

Fow 0il with no xvlidines and with xylidincs added in
several concentr~tions ard usod oil from viston-ring sticking
runs both without and with xrlidines added to the fuel and
0ll were usod in thu corrosion tests.

The investigation vas conducted at the request of the
Army Air Forces at the Aircraft Enginc Posearch Laboratory
of the Fatlonanl Advieory Committee for Aeronsutics, Cleva—
lend, Ohio, during May and June 19%3.

APPARATUS AND PROCENUL.E

The Shell thrust~bearing corrosion machire hss beoen
describod in a maver given before the American Chemical Sc-~
ciety (reference 1). In the machire three flat bearing spe-
cimens, 3/4 by 1/2 inches, are wounted in a stoecl cup to form
a Kingsbury thrust bearing, and corrosion is determincd by
the welght loss of theoso bearing swecimens after the machino
has beon operated uncer orescribed conditions.

Operating Conditionas for Thrust-Bearing Corrosion Machine

Temperature, O ittt e e e e e e ee e e 225 end 320
Spoed, IPM « - .+ . . e - e e e e s s e e . .o« e . . 24OC
Ioad, 1b/80 4. & & 4 v o ¢ v s & 4 4 v e v 4 s e - . . . 120
Samrle volume, ml . . . 15
Air flow over ssmple, cm3/min . e e c i e s ... 5
Stcel disk surface . . . Mirror finish with levigated alumina
Bearing svecimen . . « o s « & + o . « « s+ . 05 Cu-35 Pb
Bearing specimon surface . . . . . . Polished (reference 2)
Duration of test, Wr. . . & & ¢ o ¢ « ¢ ¢ o + ¢ = o« » o+ 20



In order to provide more complete information on the
nature cf bearing ocorrosion, photomicrographs of bearing sec-
tions perpendicular -to the bearing surface were prepared.
These sectlons were also examined under the light mlecroscope,

TEST SPECIMENS

Bearings. - The 1/2- by 3/4-inch bearing specimens were
out from flat stocks of 65 copper-35 lead. Although 1t 1s
olaimed that the condition of the bearing surfacse is not
critical under the test conditiona, both the bearing specimens
and the hard steel bearing disk were surfaced by the usual
metallographioc methods to wniform, reproducible conditlons.
(See reference 2.)

0'1 samples. - New oll samples were prepared from Navy
1120 lubriceting oll and xylidines. ZFropertlies cf the xyli-
dines are listed in roference 3. Used oll samples werse obtalned
at the end of piston-ring sticking tests with a single cylinder
from a l2-cylinder liquid-cocled engine. The used oll samples
were flltered dbefore testing. The Navy 1120 oll and the xyli-
dines wero used 1n the engline tests.

TARTE OF OILS TESTED

Navy 1120

Navy 1120 + 0.5-percent xylidines

Navy 1120 + 1l.0-percent xylidines

Navy 1120 + 3.0-percent xylidines

Seriles 11, used oil, no xylidines

Series 13, used oll, xylidines in fuel and cil

RESULTS AND DISCUSSION

Figure 1 presents the loss in bearing welght in milli-
grems per square centimeter for the various oils testoed.
These are average valiros for several runs, Average repro-
ducibility was 25 percent., Flgure 2 presents ropresentative
photamicrographs of bearing seotions for each of the oil
samples tested.

Reference 1 states that, from the information on oils
for which service rocords are avallable, corrosirn lossos
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in a 20-hour thrust-bearing corrosion test of lese than 0.3
milligrams per aquare centimeter aro nogligible, losses from
1l to 5 milligrems per scuare centimeter indiceto that the oil
may be notentially corrosive, and lossoo of 5 milligrams por
square centimetor or more lndicate the oil to bo vory defis~
nltely corrosive.

At the lower teet temwerature of 225° F, none of the oils
tested displayed more than a ver; slight -hotontial ccrrosivo-
nces. The used oil from the viston ring-sticking tost with
xylidines in the fuol and the 011 was not corrosive. At tho
higher test tommoraturo of 790 ¥, tho favy 1120 oil both new
and uscd woe corrosive under the tont conditions; the samples
containing xrlidines were claasiflod as only potontislly cor-
rosivo.

An oxamination of tho tost—spocimen moctions rovoaled
that tho corrosion with straight mineral oil woe largoly a
loas of loacd; whorcas, for the corroslion with the oils con—-
teining xylidines, the copper in the besring was attacked
as woll.

Alrcraft Ergi.e Rosocarch Leboratory,
National Advisory Committee for Aoronautics,
Cleveland, Ohio, July 3, 1943.
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Navy 1120 Navy 1120 Navy 1120 Navy 1120 Used Navy Used Navy

011 o1l 4 0.5% o1l § 1% o1l ¢ 3% 1120 oil 1120 oil ¢

xylidines xylidines xylidines xylidines

Figure |. -~ Effect of xylidines on corrosion. Load, 120
pounds; speed, 2400 rpm; air flow, 5 cubic centimeters per

minute; duration of test,

35 lead bearing.

20 hours; specimens,

65 copper-

(Used o0il from ring-sticking tests.)



‘Figure 2.

(5) Navy 1120 011 at 2250 F. Average loss,
0.87 milligram per square centimeter,

'.. ; o K y'
(b) Navy 1120 oil at 3200 F. Average loss,
15.2 milligrams per square centimeter.

(c) Navy 1120 oil plus 0.5 percent xylidines
at 225° F. Average loss, 1.7 milligrams per

square centimeter,

Sl T g
(d) Navy 1120 oil plus O 5 percent xylidines:
at 3200 F. Average loss, 1 milligram per

sguare centlmeter, National Advisory
Committee for Aeronsutics

~ Corrosion tests on xylidines and Navy [120 o0il
Thrust, 120 pounds; speed, 2400 rpm; air flow over sur-
face, 5 cubic centimeters per minute; duration of test,
20 hours; specimens, 85 copper-35 lead bearing. Magnifi
cation X400. (Used oil from ring-sticking tests.)
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(e) Nayy 1120 oil plus 1 percent xylidines
at 225° F. Average loss, 1 milligram per
square centlimeter.

¢ } / "-" > £ I haf st W e.,:g . s
(g) Navy 1120 oil plus 3 percent xylidines
at 225° F, Average loss, 0.58 milllgram
per sduare centimeter,

. ‘\1* LB P ';_ "? R
(h) Navy 1120 oil plus 3 p
at 320° F. Average loss, 2.2 milligrams

per squsre centimeter.
National Advisory
Committee for Aeronautics

Corrosion tests on xylidines and

120 pounds; speed, 2400 rpm; air

Figure 2. - Continued.
dura-

Navy 1120 oil. Thrust,
flow over surface, 5 cubic centimeters per minute;

tion of test, 20 hours; specimens, 65 copper-35 lead
bearing. Magnification X400. (Used oil from ring-

sticking tests.)



Figure 2.

flow over surface,

tion of
bearing.
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‘(i) Used Navy (120 oil from ring-sticking

test on single-cylinder engine at 225° F.
Average loss, |.4 milligrams per square
centimeter.

RS e g S s L B e T e
{(j) Used Navy 1120 oil from ring-sticking
test on single-cylinder engine at 320° F.
Average loss, 6.6 milligrams per square
centimeter.,

5 "R

(k) Used Navy 1120 oil plus 0.5 percent
xylidines from ring-sticking test on
single-cylinder engine at 225° F. Aver-
age loss, 0.5| milligram per square cen-
timeter.

single-cylinder engine at 320° p, Aver-
age loss, 4.5 milligrams per square cen-
timeter. ' '

National Advisory
Committee for Aeronautics

-~ Concluded. Corrosion tests on xylidines and
Navy 1120 oil. Thrust, 120 pounds; speed, 2400 rpm; air

5 cubic centimeters per minute;

dura-

test, 20 hours; specimens, 85 copper-35 lead

Magnification X400. (Used oil from ring-

sticking tests.)
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